INTRODUCTION
Though copper is an essential micro-nutrient, yet it is highly toxic at high concentrations (El-Domiaty, 1987 and Tort et. al., 1987) . Numerous studies have shown that the addition of copper salts to natural water can seriously threaten aquatic life (Arthur and Leonard, 2010) . The introduction of small amounts of many of the relatively toxic heavy metal cation, into an aquatic environment, dynamics of aquatic organisms event at nonlethal levels.
The problems of pollution in relation to fish and their environment have received increasing attention during the last decades.
Oreochromis niloticus
Alterations in the biochemical composition, growth and histological structure of the gills of fish Oreochromis niloticus following prolonged exposure (112 days) to a sub lethal concentration of copper (0.043 ppm), were investigated.
The tissue levels of total proteins, total lipids and total carbohydrates were decreased while muscle glycogen level was increased after was decreased significantly during copper exposure indicating that the organic matter (biochemical content) might be involved in the energy expenditure. The exposed to copper. Muscle glycogen change may give a good tissue total values of proteins, lipids and carbohydrates seem to be of limited value as potential stress in indicators in fish estimate of a stress condition.
Copper had resulted in an extracted appearance in gill lamellae; adjacent lamellae fused together and the epithelial lining of lamellae became disintegrated.
Growth, behavioral and histological responses were integrative to the biochemical changes. To sum up, the consistent changes in the biochemical composition, growth rate, behavior and histological structure noted in O. niloticus after 112 days exposure to the sublethal concentration of copper indicate that these fish have not acclimated to copper.
For better understanding of the mode of action of toxicants, more knowledge about the biochemical and physiological changes is necessary.
A particularly significant attribute of sublethal physiological response is that it is amenable to both laboratory and field measurements unlike traditional toxicant testing. Such methods could be employed to develop environmental quality models to predict the biological effects of potential pollutants well as to directly monitor the effects in the environment (Widdows, 1985) .
Clinical chemical analyses used in mammalian studies, are highly developed and reliable, but only modest application of the principles and methods have been extended to the realm of aquatic organisms. However, there is accumulating evidence that valid and useful analytical relations can be drawn between biochemical physiological factors and pathology of an aquatic species.
The present study examines the chronic influences of sublethal exposure of copper on Oreochromis niloticus, a fresh water fish species inhabiting Taif area. The analyses have been focused on the variables of total proteins, total lipids, total carbohydrates and glycogen representing tissue metabolism . Additional observations are reported on the growth rate, histopathological and behavioral responses.
MATERIALS AND METHODS
Adult specimens of the fresh water fish Oreochromis niloticus were used in this study. They were collected from the Tawarga pond at Misurata.
Initially, the 960-hr TL m (0.214 ppm) was determined to establish the sublethal concentration of copper for ensuring chronic exposure (112 days). All acute lethality tests were conducted according to the methods of APHA(1965).
Fish were then acclimated for two weeks in glass aquaria (50 × 50 × 40 cm) containing freshwater (pH 7.1 -7.2; oxygen content 7.8 -8.8 ppm; hardness 92-102.0 ppm; as C a Co 3 ; temperature 22-24˚C ) taken from the area they were collected. Dacie and Lewis (1984) After the acclimation period, fish were the acclimation period, fish were subjected for 112 days to copper (as CuSO 4 .7H 2 O) at a sublethal concentration (0.043pmm) equivalent to 0.2 of the 96hr TL m value for this species. For measuring growth rate, animals were weighed biweekly throughout the period of exposure. Behavioral responses were also recorded throughout this period. After the long-term period surviving fish both control and copper-treated aquaria were caught, sacrificed and the muscle and gill tissues were excised. Muscle tissue, as well as whole fish, were weighed and taken for determination of the biochemical content (total proteins, total lipids and total carbohydrates). Total protein level was determined in muscle by the method of Dacie et al. (1991) .Total lipids were estimated in the whole fish using the method of Entenman (1957) . The content of carbohydrate was determined in the whole fish as described by Hassid and Abraham (1963) . The muscle content of glycogen was analyzed by the method of Barnes et al. (1963) . For microscopic analysis, gill tissue was washed in physiological saline (0.9%), fixed in Bouins solution, dehydrated in graded series of alchol, cleared xylol and embedded in paraffin wax. Serial section of gill lamellae were cut at 8μ.
The biochemical data were analyzed for statistical differences between control and experimental means by Students t-test. Growth rate data were statistically evaluated using One-way Analysis of variance (ANOVA). P<0.05 was taken as the level of significance in both t-test and ANOVA.
RESULTS
The changes in the tissue levels of total proteins, total lipids, total carbohydrates and glycogen, produced in Oreochromis niloticus exposed to the sublethal copper concentration for 112 days are Summarized in Table (1) . Table ( 1) demonstrates that the biochemical content of the copper exposed Oreochromis niloticus showed marked variation in relation to their corresponding controls. Statistical analysis of the data indicated that total proteins, total lipids and total carbohydrates had decreased, whereas glycogen had increased after chronic copper exposure. (-29.75 ) and total carbohydrates (-32.43%).
The effect of sublethal exposure to copper on the growth of Oreochromis niloticus for 112 days is illustrated in table. The growth rate of copper treated fish is noticeably dropped, in relation to controls. The marked depression in growth rate started from the eighth week (P<0.01) and continued evidently until the end of the exposure period ( P<0.001).
Light microscopic study showed that the sublethal copper exposure for 112 days caused an extracted appearance in gill lamellae. Adjacent instances. The epithelial cells lining of each lamellae were not as tall as in the control and often became so disintegrated that there was little observable cellular detail. The remains of the detached from the more central portion of each lamellae.
Behavioral responses during metal exposure showed great deviation from the normal behavior. After introducing the fish in the test aquaria excessive secretion of mucus was observed. At the first hours of exposure, hyperexcitability was exerted, as revealed by muscle spasms and opercular movements. This period was followed by modification of body pigmentation. Finally, fish were found to move to water surface in the test aquaria to gulp excessive ventilation.
DISCUSSION
Changes in the tissue levels of total proteins, total lipids, total carbohydrates and glycogen are quite good indicators of pollutant influence. After 112 days of copper exposure a significant increase in the muscle glycogen, and significant declines in the levels of total proteins, total lipids and total carbohydrates were observed in Oreochromis niloticus.
The observed elevation in the glycogen level of muscle in O. niloticus presumably be caused by the increase in the rate of glycogenesis or gluconeogenesis. The present results seem to contradict the general trend of muscle glycogenolysis noted in all previous studies (Shaffi, 1980 and chaudhry, 1984) on heavy metals and other toxicants. The stepped up muscle glycogen content (111.10%) was to build up the fuel reserves of the tissues because it is the muscle that drives the movements of the fish. The changes observed in the level of total proteins in the tissues of the copper exposed Oreochromis niloticus refers to the higher toxicity of the test metal.
The influence of stress on lipid metabolism was not understood. Reports were given for an increase (Wedemeyer and McLeay, 1981) and for a decrease (Sivaramakrishna et al., 2010) of lipid during stress. The present results suggest the mobilization of energy rich lipids for production of energy toxic stress.
With regards to the percentage decrease of total protein, total lipid and total carbohydrate levels, it is suggested that the test fish might mainly use the three organic matters for energy production. This explains why muscle glycogen did not decline as was expected.
A calculated copper concentration of 0.043 ppm affected growth of O. niloticus after 112 days. This result indicates that the test species was extremely sensitive to copper. It can be supported by the results obtained from the biochemical analysis.
The significant biochemical changes induced by chronic exposure may be more hazardous and could reduce the growth rate and fecundity, affect the ability to assimilate food, survival of eggs and embryos, and alter the behavior of fish and hence make the fish more susceptible to attack by predators. The chronic effects of such biochemical changes induced by aquatic pollutants are poorly known and need to be investigated more extensively.
It has been shown that the test fish, chronically exposed to the sublethal concentration of copper exhibit pathological conditions in gill tissue. Whether the changes in gill lamellae observed under light microscope are secondary or primary effects is difficult to tell. The sequence of damage during copper exposure in the present study may perhaps follow a similar pattern for other teleost (Biagianti et al., 1986; Ruey Ping, 1987; Rajbanshi and Gupta, 1988) . Schweiger (2006) showed that copper as well as mercury, cadmium, nickel, cobalt and manganese induced variable effects on the gill epithelium of several fish species.
Behavioral changes in response to copper began within a short time after exposure. Test fish displayed extreme sensitivity to the metal. The response included hyperecitability and mucus secretion. These observations are typical of copper poisoning of fish (Schweiger, 2006) . The behavioral features provide useful measures of sublethal toxicity because they represent the integrated results of any biochemical and physiological processes (Anderson, 1971) . Increase in the rate of opercula movement in Cyprinion mhalensis copper exposed cases clearly indicates the physiological stress to aquatic organisms. Thus copper stress apparently leads to higher metabolic rate which require an additional expenditure of energy. This is evident from the rapid movement of the test fish and gulping of air by them. This situation may be analogous to mammalian skeletal muscle in heavy exercise, with increased breathing rate (Lal et al., 1984) . Although respiratory stress imposed by copper may have a detrimental effect on fish, there are a very few studies in this direction in which a sublethal effect has been provided. 
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